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PERFORMANCE OF BASIC XJ79-GE-1 TURBOJET ENGINE AND TTS COMPONENTS

By Carl E, Campbell

SUMMARY

An investigation to determine the performance of the XJ79-GE-1 tur-
bojet engine and 'its components, while operating as integral parts of the
engine, was conducted in an altitude test chanber at the NACA Iewis lab-
oratory. Data were obtalined over a range of Reynolds number indices
from 0,80 to 0.08 and for various settings of the varisble compressor
stators and variable-area exhaust nozzle from fully open to fully closed
positions. .

Compressor performance and turbine performance are presented in the
form of performance maps at selected values of Reynolds number index;
the effects of Reynolds number on performance are summarized. The ef-~
fects of variable stator angle and high inlet-alr temperatures on com-
pressor performance are also shown. Combustor performance is given in
generalized form as a function of the usual combustor parameters. Ex-
haust system data are presented to permit the calculation of over-all
engine performence from pumplng characteristics. Maps of engine pumping
characteristics are presented at selected values of Reynolds number.
index, and the general effect of Reynolds number on the pumping charac-~
teristics 1s summarized. Over-gll enginé%performance (pet thrust and
specific fuel consumption) is presented for a Plight Mach number of 0.9
at rated engine conditions over a range of altitudes to illustrate per-
formance losses resulting from decreased Reynolds number index. All
component and englne performance data are presented in tabular as well
as graphical form.

INTRODUCTION

An investigation to determine the performance of the XJ79-GE-1 tur-
bojet engine and 1ts components while operating as integral parts of the
engine was conducted over a range of Reynolds number indices in an alti-
tude test chamber at the NACA Iewis lgboratory. Thls engine incorporates
varisble inlet-guide vanes and varisble stator vanes in the first six
compressor stages as 8 means of svoiding part-speed surge. The engine
els0 has an afterburner and iris-type varisble primary and secondsry
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exhaust nozzles; however, during the investigation reported herein, the
afterburner was inoperative and the secondary hozzle was removed. The
verieble-stator system and the variable exhaust nozzle are normally
scheduled automatically by a combination electronic and hydraulic con-
trol, but they were msnually positioned during this investigation.

The performance data were obtalned over a range of Reynolds number
indices from 0.60 to 0.08 with the variable stators in the open position
and over a range of stator positions from 0° to 35° at s Reynolds number
index of 0.20. At each Reynolds number index and .stator position, data
were obtained over a range of engine speeds at five exhaust-nozzle areas,
Dete were obtained at engine inlet temperatures up to 700° R, but the
bul% of the data was dbtained at an inlet temperature of approximately
416" R,

Component performance data are presented over a range of Reynolds
number indlices and varisble stabtor positions. Generalized engine data
are presented in a form that permits computation of englne performance.
at operating conditions other than those specifically investigated, and
the method of such computation is illustrated. All component and engine
performance data obtalned during this investigation are presented in
tabular as well as grsphical form, . -

APPARATUS
Engine

The XJ79-GE-1 turbojet engine has a lepgth of 207 inches and a
maximm diameter of 32.6 lnches at the turbine section. The frontal
area based on the compressor tip diameter is 4.89 square feet. The dry
welght of the engine and its sccessories is_sbout 3150 pounds. The

menufacturer's static sea-level military performance rating (nonafter-
burning) is 9600 pounds of thrust with a specific fuel consumption of
0.87 pound per hour per pound of thrust at an engine’ speed of 7460 rpm
and & turbine-outlet temperature of 1070° F,

The XJ79-GE-1 turbojet engine has several minor airflow bleeds that
are used for cabin pressurization, anti-icing, turbine cooling, and
bearing-seal pressurization. These bleed flows are extracted from the
main engine airflow at the seventh and ninth compressor stages and at
the seventeenth compressor-stage seal. The amount of bleed flows dumped
overboard during this investigation did not exceed approximately 1.5
percent of the inlet airflow; the remainder of the bleed flows reentered
the main stream before reaching the afterburner diffuser section.

il
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Engine Components

Compressor. - The seventeen-stage axial-flow compressor has variable
inlet gulde vanes and variasble stator blades in the first gix stages that
are moved simultaneously from the open position to their respective '
closed positions. The angle of travel from open to closed for the vari-
our stages is as follows: inlet gulde vanes, 47°; first stator stage,
44%; second through fifth stages, 35°; and sixth stage, 41°. All ref-
erences to stator position throughout the report will be in terms of the
second ‘through fifth stages as a matter of convenience; that is, the
elosed position will be referred to as 35°, The compressor has a con-
stant tip dismeter of 29.95 inches through the first fourteen stages and
tapers down to a tip dlameter of 29.3 inches at the seventeenth stage.
The hiib-tip radius ratios of the first, fourteenth, and seventeenth
stages are 0.36, 0.86, and 0.88, respectively. The compressor was de-
signed to deliver an airflow of 162 pounds per second and a total-
pressure ratio of 12.2 at static sea-level military conditions.

Combustor. - The combustor is a cannular type with ten circular
through~-flow inner liners. Fuel is supplied to each liner through a
single-inlet duplex fuel nozzle., Ignition is provided by a spark plug
in one of the inner liners and spreads to the other liners through
interconnecting crossfire tubes. The combustor-inlet reference velocity,
based on the Pull burner section area of 4.33 square feet, is approxi-
mately 89 feet per second at design sea-level conditions. '

Turbine. - The three-stage impulse-type turbine has a constant
pitch-1line diameter on all three stages and tip diameters of 28.4, 29.65,
and 31.05 inches for the first, second, and third stages, respectively.
The hub-tip radius ratios of the first, second, and third stages are
0.81, 0.70, and 0.59, respectively. The increase in annular area through
the turbine occurs entirely in the turbine nozzles. The turbine was de- .
signed to operate at & turbine-inlet temperature of 1700° F at 7460 rpm.
Damping rods are installed between adjecent third-stage rotor blades to
reduce blade vibration. These rods are 3/16 inch in dismeter and are
situated at aepproximately 75 percent of the blade height.

Control and exhaust system. - The engine control schedules the
varisble-stator assembly to vary continuously as a function of corrected
engine speed from the closed position (550) et 64 percent of rated cor-
rected speed to the open position (OO) at 90 percent of rated corrected
speed (fig. 1). During the investigation, the original schedule was
altered as shown by the dashed line of figure 1 to achieve a higher
thrust during operation at a high engine-inlet temperature corresponding
to & £light Mach number of 2.0. The primsry exhaust nozzle, which is a
convergent, varisble-area iris-type nozzle, 1s scheduled to vary in
gradual steps from an open position at idle conditiouns to a closed
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s position at military position of the power lever., During this investi-
gation, however, the variable-stator assembly and the exhaust nozzle
were manually controlled. The afterburner, which was inoperative during
this investigation, has & maximum internal diameter of about 34 inches
and includes a diffuser, fuel-injection bers, a pilot burner, a three-
ring gutter-type flameholder, and a corrugated and louvered cooling
liner. The varisble secondary exhaust nozzle was removed during this
Investigation.

Installation

A view of the XJ79-GE-1 turbojet engine Installed in the altitude _
. test chamber is shown in figure 2. The englne was rigidly mounted on a
flexure-plate supported test platform that was connected by a linkage to
a calibrated null-type thrust cell. Dry refrigerated or heated air
entered the engine inlet through a bellmouth Venturi duct, which was
mounted to the engine inlet and test platform. The inlet section is
separated from the exhaust section by the front bulkhead, which incor-
porates a lsbyrinth seal around the inlet Venturi duct to prevent the
flow of combustion air directly into the exhaust section and to permit
the measurement of thrust forces. The inlet- and exhaust-pressure con-
trols are designed to maintain automatically a constant ram-pressure
ratic and exhaust pressure.

. _ Instrumentation .

Instrumentation f'or measuring pressures and temperstures was in-
stalled at various statlons through the engine as shown in figure 3.
The table presented on the figure indicates the number and type of meas-
urements at each station. Total-pressure and temperature probes at each
station were located at the approximate centers of equal annular-ares
increments so that measurements could be averaged arithmetically. In-
strumentation was also provided to messure the portion of bleed flows
dumped overboard through the compressor- discharge standpipes.

Pressures were measured by pull-type diaphragm capsules and recorded o

by a digital, automatic maltiple-pressure recorder. Temperatures were
measured and recorded by iron-constantan and Chromel-Alumel thermocouples
in conjunction with self-balancing potentiometers. Fuel flow was meas-
ured by s callbrated turbine-type flowmeter. The varisble stator pogi-
tion and primary exhaust-nozzle area were determined from cold calibra-
tions of oubtput voltages from 1inear potentiometers in thelr actuating
mechanisms,

60L¥
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PROCEDURE

Most of the data were obtained at the minimm inlet-alr temperature
counsistently available (approximately 418° R) to extend the range of cor-
rected engine speeds. ZFEngine-inlet pressures were gelected in conjunc-
tion with this inlet temperature to give a Reynolds number index range
from 0.60 to O. 08. Some data were obtained at higher inlet-air tempera-
tures up to 700° R at a constant Reynolds number index of 0.4 in order
to investigate the effect of temperature itself on the reproducibility
of the dsts.

With the verisble stators in the open position, data were obtained
at each Reynolds mumber index at five fixed settings of the variable-
area exhaust nozzle over an engine speed range from military (7460 rpm)
down to the surge region. At a Reynolds number index of 0.2, similar
data were obtained for other settings of the variasble ststors down to
the fully closed position. Fuel conforming to the specification MIT-F-
5624A grade JP-4 with a lower heating value of 18,700 Btu per pound and
& hydrogen-carbon ratlo of 0.171 was used throughout the investigation.
Definitions of symbols, methods of calculetion, and a sample calculation
of engine performance from genersalized performance data are presented in
appendixes A, B, and C, respectively.

RESUITS AND DISCUSSION
Component Performance

Compressor performance and turbine performsnce are presented in the
form of performasnce maps at selected values of Reynolds number index,
and the effects of Reynolds number on performasnce are surmarized. The
effects of varigble stator angle and hot inlet-air temperatures on com-
pressor performance are slso shown. Combustor performance is presented
in a generalized form as a function of the usual combustor parameters.
Exhaust-system data sre. also shown to permit the cslculation of over-all
engline performance.

Compressor performance. - The compressor performance map at a
Reynolds number index of 0.60 with the varilsble stators in the open posi-
tion 1s shown in figure 4(a). At design compressor pressure ratio 12.2)
and rated corrected engine speed (7460 rpm), the corrected airflow was
approximately 159 pounds per second, and the compressor efficiency was
0.784. Compressor efficiency reached a maximum of 0.80 to 0.8l st a
corrected engine speed of approximately 6900 rpm. At a given corrected
engine-speed, varigtion in compressor pressure ratio (as limited by
operation of the compressor and turbine as engine components) caused
variations in compressor efficiency only of the order of 0.0lL. The cor-
rected airflow wes unaffected by compressor-pressure-ratio variations at
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high corrected engine speeds; but at a corrected speed of 6600 rpm, tThe
corrected airflow was lowered about 3 percent by increasing Pressure
ratio over the range permltted.by ‘the variable-area exhsust nozzle.

The open stator compressor performance .map at a Reynolds nuﬁber
index of 0.20 is shown in figure 4(b). At the design pressure ratio and
rated corrected engine speed, corrected airflow was sbout 2 percent lower
and compressor efficiency was approximately 0 02 lower than at a Reynolds
number index of 0.60. 7Peak compressor efficiency was approximstely 0,03
lower and occurred at a slightly higher corrected speed. Variations in
pressure ratio at a given corrected speed had a greater effect on cor-
rected alrflow at this lower Reynolds number index (0.20)., At = cor-
rected speed of 6600 rpm, increasing the compressor pressure ratio over
the permissible range lowered the corrected. alrflow about 6.5 percent at
a-Reynolds nimber index of 0.2 compared with a 3 percent reduction at a
Reynolds number index of 0.8.

The compressor performance at a Reynolds number index of 0.20 with
the varieble stators fully closed is shown in figure 4(c The verilsble
stators are scheduled to be closed only for the lov-speed.portion of the
map. The compressor performance was mapped over the full range of cor-
rected engine speed and exhaust-nozzle area at this stator position
(fully closed) to permit the determination of compressor performence for
other possible schedules of engine speed with stator position and other
exhaust-nozzle area schedules: -With the stators closed, the compressor
operates in a region of considersebly reduced airflow and pressure ratlo
and the peak compressor efficiency is less -than 0.60. Corrected airflow
was sensitive to compressor pressure ratio over the entire corrected
engine speed range. The slope of the corrected speed line st 5200 rpm
illuatrates the advisabiliity of ‘scheduling. a 1arge exhaust-nozzle area
at this operating condition. )

Compressor efficiency and corrected airflow for open stator opera~
tion are shown in figure 5 as functions of Reynolds number index for
constant values of corrected engine speed ahd compressor pressure ratio.
Reynolds nunmber variations had no apprecisble effect on compressor effi-
cieney or corrected airflow for values of Reynolds nuber index greater
than approximately C.4. At a corrected engine speed of 8000 rpm and a
pressure ratio of 12.50, reducing the Reynolds nunber index from 0.4 to
0.08 lowered the compressor efficlency by 0.05 and lowered the cofrected
airflow approximately 7 percent., The decrease in efficiency and cor-
rected airflow with decreasing Reynolds number index was greater at the
lower corrected engine speeds. Compressor performance losses due to
Reynolds number effects were also greater at higher compressor pressure
ratlos, especially in the low corrected-engine-speed region.

B60LY
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Corrected airflow data obtained over a range of Inlet-air tempera-
tures corresponding to £light Mach nwwbers up to 2.0 did not appear to
generalize within the expected accuracy of the airflow measurements
(fig. G(a)). The apparent trend of increasing corrected airflow with
Increased inlet temperature was still doubtful because the compressor
pressure ratio was not quite constant in spite of the constant exhaust-
nozzle area, end the hot-temperature data were in the low corrected-
englne-speed reglon where pressure ratio was shown to have an effect (see
fig. 5). However, after the effects of compressor pressure ratio were
eliminated (fig. 6Cb)), the trend of incressing corrected airflow still
existed and amounted to approximately a 3 percent increase in corrected
airflow for an increase in inlet tempersture from 416° to 700° R.
Although the reasons for this effect are not understood, it is believed
that the accuracy of the data involved esteblishes the exlisteuce of this
trend.

The effect of stator position on compressor performance is shown in
figure 7 for a range of exhasust-nozzle areas st a Reynolds number index
of 0.20. Corrected airflow with the varieble stators closed was approxi-
mately 38 percent of the open stator value at a corrected engine speed
of 8000 rpm and sbout 44 percent of the open stator value at a corrected
engine speed of 6700 rpm (fig.'7@a)). The corrected engine speeds at
each stator position that correspond to the control schedule.values (fig.
1) are shown on the figure by vertical dmshes. The corrected airflow
for off-schedule operation or for altered schedules may be approximeted .
by linear interpolation.

Compressor pressure ratio (fig. 7Cb)) with the variaeble stators
closed was sbout 36 percent of the open stator value at & corrected
engine speed of 8000 rpm and gbout 42 percent of the open stator value
at 6700 rpm. At the corrected speed of 6700 rpm, the closed nozzle pres-
sure ratio of 9.1 could be reduced to 8.3 by opening the exhaust nozzle
or to 3.85 by closing the stator vanes. The low-speed stall-line inter-
cept with open stators and an exhaust-nozzle area of 2.8l square feet
and the approximate scheduled operating line of the veriable stators are
indicated on figure 7(b) to illustrate the necessity of an antistall
device on this high-compression-ratioc compressor.

The effect of stator position on compressor efficiency is shown in
figure 7(c). Peak compressor efficiency was lowered from 0.77 to 0.75
by closing the varisble stators from O° to 18°, but dropped off rapidly
40 less than 0.60 when the stators were fully closed to 35°, The cor-
rected engine speed at which the engine is scheduled to operate for a
given stator position was in the region of peak compressor efficiency
for the two closed-stator positions investigated.
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Combustor performence. - The varistion of combustioﬁ efficiency with
the combustion parameter Wa oTg 1s shown in figure 8. This parameter

is approximately proportional to the combustor-inlet parameter PT/V
and 1s more convenient in conjunction with over-all engine performance
calculations.  Combustion efficiency varied from 0.97 at the highest
values of WE’ZTQ to 0.90 at a combustion parameter of approximately

15,000, which essentially covered the range of engine and flight condi-
tions investigated with the varisble stators in the open position. With
the stators closed at a Réynolds number index of O. ZO the combustion
parameter could be_reduqed,further,_end.the;eombustion efficiency dropped
off repidly with .decreasing englne speed and lncreasing exhaust-nozzle
area to about 0,33 at a combustlon parameter: Ve, oTg of 4500. However,

this condition would not normally be encountered in actusl flight and is
presented as isolated combustor performance beyond the usual range of a
combustor operating as an integral part of the engine. The combustor-
inlet conditions of pressure, temperature, and reference velocity at this
point were approximstely 750 pounds per squiie foot absolute, 610° R,

and 60 to 70 feet per second, resgpectively. The corresponding inlet con-
ditions for the meximum combustion parameter and combustion efficiency
were 13,628 pounds per square foot absoluteJ 1078° R, and 82 feet per
second, respectively.

The combustor total-pressure loss ratio as a function of combustor
temperature ratio is shown in figure 9. As_ the temperature ratio in-
creased from 1.45 to 2.05, the coumbustor total-pressure loss ratio de-
creased from 0.07 to 0.05. This reduction in total-pressure loss ratio
results from the more repld decrease in friction presswre loss that ac-

companles the decrease in combustor-inlet Mach number in comparison with

the increasing momentum pressure loss as combustor temperature ratio is
increased

Turbine performance. - The over-all performance of the turbine is
presented in terms of corrected turbine enthalpy drop and turbine gas-
flow parameter for lines of constant corrected turbine speed, pressure
ratio, and efficiency. The turbine performance map determined from _
open stator data at a compressor-inlet Reynolds number index of 0.60 is
shown in figure 10(a). The range of englne speeds and exhaust-nozzle
areas investigated caused the turbine-inlet Reynolds number index to
vary from 1.04 to 1l.41, but, as will be shown later, Reynolds number has
little or no effect on turbine performance in this range. Over the
narrow range of corrected turbine speed and pressure ratio as limited by
operating in an engine at a coustant stator poslition, the turbine effi-
ciency varied from 0.86 to 0.88. The corrected turbine gas flow, which
can be obtalned by factoring out the corrected turbine speed and the
factor 60 from the turbine gas-flow parameter, was about 28.3 pounds per
second,

re
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At a compressor-inlet Reynolds number index of 0.20 and open stator
position, the Reynolds number index at the turbine inlet varied from
0.29 to 0.43 (fig. 10(b)). The turbine performance map was quite similar
to that at the higher Reynolds number index; the corrected turbine gas
flow was still about 28.3 pounds per second; the turbine efficiency
varied from 0,86 to 0.88. However, the peak turbine efficiency of 0.88
occurred over a smaller range of the performance map than at the higher
Reynolds number index.

Turbine performance at the lowest turbine-inlet Reynolds number
indices investigated (0.13 to 0.19) is shown in figure 10(c). The much
larger range of this turbine performsnce map resulted from the conbina-
tion of closed-stator data at a compressor-inlet Reynolds number index
of 0.2 (1cwer right portion of map) and open-stator deta at a compressor-
inlet Reynolds number index of 0.08 (top left portion of map). The tur-
bine efficiency lines must be considered only approximate because of the
relatively large Reynolds number index variation for this low Reynolds
number index range; but it ie evident that the peak efficiency shifted
to a region of lower corrected work and pressure ratio then at the higher
Reynolds number indlces. The minimum turbine efficiency encountered
during the investigation was sbout 0.82 and occurred during closed-stator
operation at a Reynolds number index of -0.20. The trend of the constant
corrected speed lines to lower corrected gas flows at the low turbine
pressure retios indicates that the turblne nozzles were unchoked when
operating with the variable stators in the closed position. When the
turbine nozzles were choked, the corrected turbine gas flow was still
gbout 28.3 pounds per second, the same as at the higher turbine Reynolds
number indices.,

The effect of Reynolds number on turbine performance is summarized
in figure 11l. At the conditions where Reynolds number effect could be
isolated, that 1s, at constant values of corrected turbine speed and
pressure ratio, the turbine efficiency was not affected by Reynolds num-
ber down to a Reynolds number index of sbout 0.4, but dropped off about
0.02 as the Reynolds number index was reduced to 0.15. There was no
apparent Reynolds number effect on corrected turbine gas flow over the
range of Reynolds number indices investigated.

) Exhaust system. - The exhaust-system data are presented to allow
calculation of over-all engine performance from pumping characteristics
which are based on turbine-cutlet pressure. Tailpipe total-pressure loss
data are shown in figure 12 as a function of the turbine gas-flow param-
eter. wg,S“VTQ/?s’ which is g function of the turbine-outlet Mach number.

With the varisble stators in the open position, the tailpipe total-

pressure loss increased from 4.5 percent of the turbine-outlet total

pressure at a gas-flow parsmeter of 1.02 up to gbout 13 percent at 1.47.

At the static sea-level military condition, the gas-flow parameter is T
1.26 and the total-pressure loss ratlio 1s about 0.07. The turbine ' ’
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gas~-flow parameter could be lowered to 0.65 with the stators fully
closed, at which point the totel-pressure loss ratio was asbout 0.04.
Data obtslned with the largest exhaust-nozzle area resulted in total-
pressure loss ratios as high as 0.35 (not shown on figure), indicating
that choked flow exlsted somewhere near the turbine instead of at the
exhaugt~nozzle throat. The exhaust nozzle became unchoked at turbine
gas-flow parameters somewhere between 1l.47 and 1.53.

The velocity coefficlent of the primary exhaust nozzle with the
secondary nozzle removed. is shown 1in figure 13 as a function of nozzle
pressure ratio. When the exhaust nozzle was unchoked (nozzle pressure
ratio pg/Pg > 0.5), data scatter made the values unreliable. When the

exhaust nozzle was choked, however, the data fell about a mean value of
about 0.985.

.Engine Performance

Several aspects of the over-all engine performance are discussed in
this section. Typical effects of variable stator position on net thrust
and specific fuel consumption are presented at a specific flight condi-
tion and exhaust-nozzle area. Englne pumping characteristics with open
stators are presented at selected values of Reynolds number index and
the general effect of Reynolds number on the pumping characteristics i1s
summarized. Net thrust and specific fuel consumption are presented for
a flight Mach number of 0.9 gt rated engine conditions over a range of
gltitudes above the tropopause to illustrate over-all performance losses
resulting from decreased Reynolds number index.

Some typlcal effects of variable stator position on over-all englne
performance are shown In figure 14 for one specific flight condition and
exhaust-nozzle area. WNet thrust fell off rapidly in approximately linear
fashion when the stators were closed. This 18, of course, the expected
trend on the basis of the corresponding alrflow and compressor pressure
ratio reductions (figs. 7(a) and (b)). Although the thrust dropped
rapidly, the specific fuel consumption incressed only slightly with
closture of the stators to sbout' the mid position (18°). However, the
specific fuel consumption inecreased rapidly as the stators were closed
further. This nonlinear variation of specific fuel consumption with
stator position is a result of the similar variation in compressor effi-
clency with stator position shown in figure 7(c). Inasmuch as the vari-
able stators are generally scheduled to be open except for certain engine
transient operations at reduced speeds, the followlng presentation of
generalized. steady-state engine performance 1s confined to the open
stator position. '

[
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Pumping characteristic maps, which consist of the variation of en-
gine pressure ratio with corrected engine speed with lines of constant
engine temperature ratio and corrected airflow, are shown in figure 15
for Reynolds number indices of 0.6, 0.2, 0.12, and 0.08. The peaks of
the lines of constant engine temperature ratio show the regions of maxi-
mum combined compressor and turbine efficiencies. The slope of the
lines of constant corrected airflow at low corrected engine speeds re-
Plects the reductlon in corrected ailrflow with increasing pressure ratio
as discussed in the compressor performance section. Over-azll engine
performence may be determined for choked exhaust-nozzle operation at any
flight condition corresponding to a Reynolds number index greater than
.0.08 by use of the pumping characteristic maps and several auxiliary
curves (figs. 6, 8, 12, 13, 18, and 19). A sample calculation of engine
performance using this method is presented in appendix C.

The generdl trend of engine pressure ratio and corrected airflow
with Reynolds number index is shown in figure 16 for several corrected
englne-speed and temperature-ratio conditions. Curves similar to these
can be constructed from the pumping masps for calculating engine per-
formance at other engine conditions and can be interpolated for inter-
mediate velues of Reynolds number index.

The reduction in net thrust and increase in specific fuel consump-
tion resulting from Reynolds number effects on the engine components are
showvn in figure 17 for the rated engine speed and limiting temperature
condition over a range of altitudes from about 35,400 feet (tropopause)
to 72,000 feet at a flight Mach number of 0.90. This corresponds to a
range of compressor-inlet Reynolds number indices from 0.46 to 0.08.
Increasing the altitude over thils range reduced the corrected net thrust
by 14 percent, 6 percent of which was due to reduced airflow. The lower
engine pressure ratio resulting from reductions in the compressor and
turbine efficiencies accounted for about 6 percent of the thrust loss,
and sbout 2 percent was due to the increased tailpipe pressure loss
brought ebout by the above effects on the turbine-outlet Mach number.
The specific fuel consumption was increased about 16 percent as altitude
was increased over this range, 6 percent of which can be charged to com-
bustion efficiency, 8 percent to the compressor and turbine efficlencies,
and 2 percent to the higher tailpipe pressure loss.

SUMMARY OF RESULTS

The results of performance tests on the XJ79-GE-1 turbojet englne
and its components are summerized as follows:

1. At rated corrected engine speed (7460 rpm) and design compressor
pressure ratio, the corrected airflow was 159 pounds per second and the
compressor efficlency was 0.784 at a Reynolds number index of 0.6. At
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this Reynolds number index, peak compressor efficlency was between 0.80
and 0.81 and occurred at a corrected engine speed of approximately 6900
rpm. Compressor performance was not appreclably affected by Reynolds
number at Reynolds number index values greater than approximately 0.4.
Lowering the Reynolds nunber index from 0.4 to 0.08 reduced the com-
pressor efficiency 0.05 and lowered the corrected alrflow approximately
7 percent at the highest corrected speed (8000 rpm) at which comparisons
could be made. Increasing the engine inlet temperature from 416° to
700° R at a constant Reynolds number index resulted in approximately a
3 percent higher corrected alrflow for a given ecorrected engine speed _
and compressor pressure ratio. ' o

- 2. Varying the variable stators from the open to closed position
(0° to 550), resulted in reductions in corrected airflow and compressor
Pressure ratlio on the order of 60 percent. " Peak compressor efflclency
was lowered only 0.02 by closing the stators halfway, but decreased ’
rapidly when the stators were closed further. Net thrust fell off _
rapidly when the stators were closed, but the specific fuel consumption
remained relatively low until the stators were closed more than halfway.
The planned schedule of variable stator position as a function of cor-
rected engine speed apparently safely bypassed the low-speed stall region '
and passed through the regions of peak compressor efficiency.

3. Combustion efficlency varied from 0.97 to 0.90 over the range of
engine and flight conditions investigated with the variable stators in
the open position. The combustor total-pressure loss ratio varied from
0.05 to 0.07 over the range of combustor temperature ratios investigated.

- 4. Turbine efficiency varied only from 0.88 to 0.86 for open-stator
operation throughout the investigation. The minimum turbine efficiency
encountered was about 0.82 and occurred during closed-stator operation
at a Reynolds nunber index of 0.20. Turbine efficiency was not affected
by Reynolds number down to a turbine-~inlet Reynolds number index of about
0.4, but dropped off about 0.02 as the turbine-inlet Reynolds number
index was reduced to about 0.15. There was no apparent Reynolds number
effect on corrected turbine gas flow over the range of Reynolds number
indices investigated

5. An increase in altitude from the tropopause to 72,000 feet at a
flight Mach number of 0.9 (Reynolds number index reduction from 0.46 *to
0.08) resulted in a 14 percent reduction in net thrust and an increase

in specific fuel consumption of 16 percent in comparison with the values = '~

that would be obtained assuming no losses in component performence with
increasing altitude.

Lewis Flight Propulsion ILsboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, March 20, 1958
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APPENDIX A

SYMBOLS

The following symbols are used in this report:

A area, sq £t

B balance force from thrust capsule, 1b

c coefficient

F thrust, 1b

g acceleration.due to gravity, 32.17 f'!:./:sec2 :

H entﬁalpy, Btu/ Ib

M Mach number

N engine speed, rpm

P total pressure, lb/sq £t abs

P static pressure, 1'b/sq ft abs

R gas constant, ft-1b/(1b) (OR)

T total temperature, °R

t static temperature, °R

v velocity, ft/sec

w flow rate, 1b/sec or Ib/hr
S
T-1

- (=23}
B T correction factor, 1;,4 2 T2
(}.4 + 1)1'4 -1
2
T ratio of specifilc heats

ratio of total pressure to NACA standsrd sea-level static
pressure :
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8/0+/6 Reynolds mumber index

] efficlency

e " ratio of total temperature to NACA standard seaelevel static
temperature .

¢ ' ratio of sbsolute viscosity to v1scosity of NACA staendard
atmosphere at sea level :

Subscripts:

a air

B combustor

b ~ bleed

o somprassor - | o -

cr . .. critical | B

eff effective

£ fuel_ i

g gas

id ideal

J - Jet

n net —

8 slip joinf in inlet duct

T turbine .

v 'velocity'. |

0 free-streag conditions

1 Anlet Venturi throsat - .

2 compressor inlet

3 compressor outlet, combustor inlet.

60LY
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4 combustor outlet, turbine inlet

5 turbine outlet

5a turbine outlet (GE control thermocouples)
9 exhaust-nozzle inlet

15
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APPENDIX B

METHODS OF CALCULATION

Airflow. - Airflow was determined from measurements of total-
pressure upstream of the bellmouth, static pressure in the inlet Venturi
throat, and temperature at the compressor inlet. These measurements
were used to calculate engine-inlet airflow from the equation,

il g

e G [

Overboard leskage a.irflow was calculated similarly from pressure
and temperature measurements in the compressor discharge standpipes. and
was subtracted from the inlet ailrflow for all stations downstream of the
point of extraction. Tailpipe gas flow was obtained from the expression

L = W - wa,b + W /3600

£,5 a,l

Compressor efficiency. - The compressor efficiency 1s defined as the
ratio of isentropic enthalpy rise to the actual enthalpy rise across 'bhe

compressor

N = ( Zg)isentropic - By ,2
C Ha3 _Ha - .. . .. —

The enths.lpy values were determined from charts based on the ma:terial
of reference 1 using veriable specific heats.

Conbustion efficiency. - The combustion efficiency is defined as the

ratio of the ideal fuel-air ra.tio necessary to obtain the engine ‘tempera-
ture rise to the actual fuel-alr ratio.

(Wf/ Vg 5) 1d
B (ve/va S)a.c'bual

The ideal fuel-air ratlo was determined from the fuel properties and the
engine temperature rise (see fig. 18 or ref. 2).

60L%,
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Turbine efficlency. - The turbine efficiency is defined as the ratio
of actual enthalpy drop to iseuntropic enthalpy drop across the turbine:

e = Be,e -~ g5
T (Hg,é - Hg,S)iseritropic

The turbine-inlet temperature T4 was calculated by assuming that the

turbine enthalpy drop equaled the compressor enthalpy rise. The enthalpy
values were then determined from charts based on the material of refer-
ence 1 using varlable specific heats.

Jet thrust (measured). - Jet thrust was determined from the thrust-
measuring system by an algebraic summation of the forces acting on the
engine:

Fy = B + Ag(Py - po)

where B 1s the balance force from the hydrauiic capsule. The last
term represents the momentum and pressure forces on the installation at
the labyrinth seal.

Jet thrust (calculated). - Jet thrust was also calculsted from the
gas flow and effective Jet velocity:

Wg. 5
Fy= ‘gz—g Vers

The effective velocity, which includes the effect of excess pressure not
converted to velocity for supercritical pressure ratios, was obtained
from the effective velocity parameter of reference 3 (also see fig. 19).
The ratio of measured thrust to calculasted thrust is the veloecity coef-
ficilent C-;—,, which can be used for all choked nozzle conditions to obtain

true Jet thrust when multiplied by the caleculated jet thrust.

Net thrust. - Net thrust was determined by subtracting the inlet
momentum from the Jet thrust: .

Va,2
g

Fn=Ej— Vo
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APPENDIX C

Sy

SAMPLE CALCUTATION OF ENGINE PERFORMANCE : —

"

FROM GENERALIZED PERFORMANCE DATA

" In.order to illustrate the method for obtalning over-all engine
performance from generaslized performance data, a uumerical example 1s
presented for the following flight and engine conditions'

‘f
60L¥

Altitude’ ft . . . L] . . . . * e . . . . L3 L] L] o . . . . . L] . . 35,4—00 o
Flight Mach number, Mo « « « & ¢ o ¢« o ¢ ¢ o s o o o =2 s ¢« ¢« = « o o 0.9

Engine speed, Ny YDM « o ¢ o ¢ ¢ o o o o o o s = o o o o o o o « « 71480
E.'Xh&ust—gas tO’tal te@eratwe’ Tg, OR T & s ® 8 e @& e 8 e 3 3 e @ ].550

From these conditions-the folloﬁing'qﬁenttties are‘known:
Po = 490 1b/sq £t abs
tg = 392.4° R

From these Quantities, and assumling 100 percent ram-pressure re-

covery and an NACA standard day, the follow1ng parameters mey'be
calculated: ) _ - -

Vo = 874 ft/sec . ) 9
Ps = 829 1b/sq £t abs - .
To = 456° R B : L

V& = 0.9373 - : . ;
B2 - = 0.3918 , o D e
82/02/7 = 0.46 - | LT
N/~/6z = 7959 rpm S | o

To/Ta = 3,355
From figure 15, values of engine pressure ratio snd corrected air-
flow can be obtained at a corrected engine speed of 7959 rpm and ad
engine temperature ratio of 3.355 for varilous values of Reynolds number

index, Curves similar to those in figure 16 can be constructed and the
engine pressure ratio and corrected sirflow at a Reynolds number index
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of 0.46 can be obtained:
Ps/Py = 2,633
W, 2/02/0z = 165.75 1b/sec

and

P5 = 2183 1b/sq £t abs
Vg, = 69.29 Ib/sec

The overboard bleed flow is sbout 1.5 percent of the inlet airflow, and
the airflow downstream of the turbine is

Wy 5 = 68.25 Ib/sec

To determine combustion efficiency, the combustion parameter w, zTg
is calculated, ?

= 3
Wa,zTg = 106.0x10
and from figure 8, )
Mg = 0.968

From the engine temperature rise, the ideal fuel-air ratio may be de-
termined from figure 18 :

Ty - Tp = 1074° R
(we/3600 Wy 5)1g4 = 0.0148
Dividing by combustion efficiency to obtain actual fuel-air ratio yields
wp/3600 Wy 5 = 0.01529
and

wp = 1.044 1b/sec or 3757 Ib/hr

To obtain the exhaust-nozzle total pressure, it is necessary to deter-
mine the tailpipe pressure loss, which is shown in figure 12 as a
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function of Wy 5+/Tg/Ps,

W = Vg,5 * wf/SGOO

g,5
= 68,25

= 69.29
Wg,SW/TgyPS
cPs - Pg)/P5

and .

Pg = (1 - 0.0665)P5 =

The exhaust-nozzle pressure ratio is

+ 1,04 . .
Ib/sec

= 1,242

= 0.0665

2038 1b/sq £t abs

‘pofPg = 0.2404

NACA RM E58C1l2

From figure 13, the exhaust-nozzle velocit&-coefficient is

Cy = 0.985

' To calculate thrust, the effective velocity must be determined.
From the fuel-air ratio and exhaust-gas temperature, the ratio of spe-

cific heats is

Tg = 1.337

From figure 19, the effective velocity parameter 1s

Vool Ty = 1.513

The effective veloclty then becomes

Vepp = 2452 ft/sec

and the jet thrust is

s

o _
= £25 OyVepr = 5201 1b

60L7
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By subtracting the inlet momentum, the net thrust becomes

7 7 w_aﬁ
. n=TFy -2V =3519 b

and the specific fuel consumption is

wp/F, = 1.132 1b/(hr) (b thrust)

' REFERENCES

1. Bnglish, Robert E., and Wachtl, William W.,: Charts of Thermodynsmic
Properties of Air and Combustion Products from 300° to 3500° R.
NACA TN 2071, 1950.

2. Turner, L. Richard, and Bogert, Donald: Constant-Pressure Combustion
Charts Including Effects of Diluent Action. NACA Rep. 937, 1949.
(Supersedes NACA TN's 1086 and 1655. )

3. Turner, L. Richard, Addie, Albert N., and Zimmerman, Richard H.:
Cherts for the Analysis of Oune-Dimensional Steady Compressible Flow.
NACA TN 1419, 1948,
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TABLE I. ~ Continued. PERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE
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TABLE I. - Continued. PERFORMANCE DATA OF XJ79-QE-1 TURBOJET ENGINE
N .
Speaifap Eogine [ Bor Corbunator - furbine Tallpips Ex. Homkls Rand-
AR et _ me =t
aonraaption, |terparaturs|prassure |’ Oor- Gor- Oom- Com~ Com- | Coabua-| Fuel-|Turbine|Purtin Cor~ Car- Oarpeatad Tallpipe |Tailpips [Rxheugt-| Affac~
v,/‘rn. ratio, ratla, reatsd | rected | premscr|presaor| bustor | tion alr prep- | offi- | rested | recked tarrhine gas Flow | bokal- | nosxle tive
LW Py/Pg | ongine |ainflow, | pres- | affi- | tocal- | effi- |ratic,| sure |olenay,| turbine|bmrbine veloc-
TE-ETEPW\ Speed, | ¥ i‘"ﬂg surs | slenoy, |presfure|olemeoy. | W. Tatlo, n¥ mpesd, lenthalpy - B 1w A loas o, iby
¥ B/l g matlo, | Ty loms Ny | = | Bu/Ps N__ coaffi-
rpo P, e ratlo, a5 Y &lemt,
1n/see EL;:J. . . r;m.' e
B/
1,003 2,480 1.191 .30 44,38 [10.24 6,500 0.062 | O.661 |0.0104| B.347 | 0:070 | 3m8° 43.26 a8,16 1.5302 0.087 [ 0.3318 | o.5aE 4l
1.811 2.’a7 1.474 4743 52.27 $,07 008 08| 8 3 | .00R5| B,78p ,884 | 3788 e B7.79 1.438 . 4118 076 [
1.388 2.087 1,310 SBBS 12%.74 8,10 + T8¢ .68 »843 | ,0081| E.780 .868 | 3785 3.0 24.15 1.453 14 L3886 B850 45
1,328 2.237 1.480 35688 10,78 8,31 .70 D64 4081 ,0088| B,388 .8687 | oAl 42.87 R0.056 1,384 -] <404 3 1] i
1.11 977 2,188 8390 | 118.47 7.48 TES .07 B[, 5,803 . 5781 S.0 28.19 1483 A6 .526R 983 45
1,811 1.918 1,118 6065 108,08 8,07 174 =071 989 | ,0040| E.797 O8% | 578l 45, Bd 28,07 1.454 A8 8- 1| 072 48
2,048 1,082 an 104,79 8.58 »T84 068 g7 Q082! B.&>p 4888 | 3757 45,50 28,00 1,487 115 3740 .:Zl 47
1,737 2,040 1,183 [-3-a L] 10548 8,7 758 +Odé | Q07| 5,308 881 | 3458 41.a8 | 27,80 1,353 08l - 6380 Oy 48
1.33% B, 484 1,795 4980 144,81 0.4 JHO 080 pog | ,0la27| B,547 L0 | 3R 45,64 28.84 1.364 L0487 .25 880 49
1,421 | 2.3 1,870 asse 16,42 |10.1% 808 085 871 | 0118)] b,BE4 ._8!7 sapd4 i4.83 £8.51 1.440 1118 .R849 078 b0
1,442 » RSBL 1,508 8808 140,42 2. L8058 JOR7 +954 | LOLLT| B,T08 LA8% | smeb .85 . 1.4352 J1L8 RETR 047 Bl
1.59% 2,292 1.361 5481 150.88 a.08 1808 Q8L 068 [ .011¢| 8,369 JH85 | 3748 43.26 20,13 1,343 .087 . 09 53
1.:1 2,908 1,489 8738 152,73 .09 019 1068 «354 | LOL05] E, 701 487 3,08 £8,00 1.441 »A19 < SR90 8T B
1.483 2,204 1.439 5848 122.88 8.28 784 081 “B48 L0104 | 5.3684 | - 888 | 3736 3,50 27,88 1.580 D88 , 3208 589 9
1.840 2,005 1,387 S8E2) 193.43 8,13 <808 Mo 957 »0D04 | B,E90 8% | BOED 43,80 &7.78 1.4e8 118 JIB78 880 LL]
1.7 2.025 1.858 2418 118,42 7,09 185 L0088 95t .008Y | 5,724 .08s | 3780 .10 28.01 L4857 . 19 3539 878 S5&
] 1.483 2.047 1.228 BE54 108,07 7.00 ST 088 JO47 g.348 481 | 38 42,81 8,00 1,352 .0n8 JSN6 B0 A7
2,014 1,047 1,148 sary 108,84 7.00 »T74 ~069 L9850 | .0081| 5,702 837 [ 3m 43,57 20.07 1.437 - 120 4133 977 58
1,720 2.11% 1,358 459 194,35 0.08 805 " 983 | .0115( B,BSs . 688 | 3813 Ad .25 28,10 1.434 117 280 078 5%
1,852 . 2,RE1 | 1,408 6479 185,10 E.if 1604 »0b4 63T | JO2R9 | B.510 JHED | 3606 43,00 28.38 1.550 088 126861 +07d (]
1,785 NI 1.288 5410 ve.es | r.a +814 .087 844 | 0108 B,870 L8B4 | 3807 43,9) 27.774 1,418 118 5080 985 a1
1,588 2,038 1,848 6380 11s.82 71.'-7 . 784 .089 . 967 | ,Ol0Z| B,.880 L068 | 3TH .27 28.%4 %, 4350 A1 3177 .1 &R
2,004 1.9638 1,183 8205 112.81 7l 168 ,070 .585 | .0008| B.872 .88¢ | 5705 43,82 28,18 L4308 118 -1 987 [
2.079 1.557 1,188 1] 109,01 7.08 f 069 L85 |- 4,889 .058 | 5T [N ] ®7.85 1,428 2119 . 3458 588 84
2,073 1,905 1,180 s208 107.59 5,83 781 080 L9587 | (0093 | w.877 L8687 | 3177 +3.80 28,00 1.450 19 8- o BE.
1,188 &.609 2.487 8871 184,99 (15,72 JORR JOB% V984 | 0080 4,070 018 | 531 4], 08 £8,59 1.088 0Y0 B4 1] 88
1184 3,318 2.554 184,48 | 15,44 0 058 B34 | L0145 | 5,391 .078° 1 &4.00 28,8 1,270 -] . 5086 987 a7
1.114 £.987 1,620 au7s 185,42 [12.99 LB ' ST .0118 | 8.387 889 | 4004 48.88 28,50 1,599 .53g JERb2 .980
1,19 3.889 2,738 8090 164,97 {13,67 710 052 A6 | L0187 4. 77 | 34T 41,84 24,85 1,082 Oas -28ae 980 &8
1.)89 5.6 2.858 807y 184,48 |13.54 112 N 944 | .0155]| 4,810 O74 | 3688 a1.5 20.40 1,047 088 , 2713 808 70
1,148 5,163 2.28] aDas 163,36 [:2.05 M1 JO57 JB58 0| 0133 | 5,308 417 45,54 28,21 1,388 088 3855 - 983
1,748 2,805 1,865 8055 104,82 |12.87 +T10 1081 S8 0108 | 8,508 088, | 3978 | #8.TR 28.29 1,898 358 N1 -BaB R
1.107 5,800 2.812 7287 182,47 15,44 .70 4 L9489 | (01587 | 4,527 -854 | 3604 39,84 28,34 1.188 ,080 2485 985 13
1.1 3805 2,603 T899 145,47 |13,14 « TR0 068 B Ol | 4,004 «A78 | #6807 4143 28.54 1.85% 2088 ST STR "
1,188 3.087 2.938 7! 185.65 |12.76 +TRT 067 L9845 | ,0l24 | 6.380 . -1:4 58 4, 28,44 1.377 003 3587 978 %
1, 2,755 1,814 7580 185,15 |1d.52 TS JO8R .960 | 0101 | 6.370 .Beg | esL 48,417 £0,.20 1.684 -1 5807 « 954 75
1.0M 5,868 2.848 T4 154,00 | 12.87 782 082 1648 .0157 | 4,168 +BBL | 3445 57.99 28.50 .108 048 RETT 568 "
1.058 3,522 R.19R 7818 157, 12.71 S T88 083 5 L0151 | &.311 " 3480 38.4) 23,35 1,137 .05] J497 882
1.074 5.7 2.509 7402 | 138,58 |12.20 <780 085 | b4t | c00R?| 4848 |-, sefE 41.63 28,42 1,058 088 3018 082 | T8
+ 1,108 2.838 2,078 11.00 2783 + 081 N L0108 | 5,595 874 | B745 45 .55 £8,40 1.378 4 JI540 BT 50
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TABLE I. - Continued. PERFORMANCE DATA OF XJ79-QE-1 TURBOJET ENGINE
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1,328 2.237 1.480 35688 10,78 8,31 .70 D64 4081 ,0088| B,388 .8687 | oAl 42.87 R0.056 1,384 -] <404 3 1] i
1.11 977 2,188 8390 | 118.47 7.48 TES .07 B[, 5,803 . 5781 S.0 28.19 1483 A6 .526R 983 45
1,811 1.918 1,118 6065 108,08 8,07 174 =071 989 | ,0040| E.797 O8% | 578l 45, Bd 28,07 1.454 A8 8- 1| 072 48
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1,737 2,040 1,183 [-3-a L] 10548 8,7 758 +Odé | Q07| 5,308 881 | 3458 41.a8 | 27,80 1,353 08l - 6380 Oy 48
1.33% B, 484 1,795 4980 144,81 0.4 JHO 080 pog | ,0la27| B,547 L0 | 3R 45,64 28.84 1.364 L0487 .25 880 49
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1.840 2,005 1,387 S8E2) 193.43 8,13 <808 Mo 957 »0D04 | B,E90 8% | BOED 43,80 &7.78 1.4e8 118 JIB78 880 LL]
1.7 2.025 1.858 2418 118,42 7,09 185 L0088 95t .008Y | 5,724 .08s | 3780 .10 28.01 L4857 . 19 3539 878 S5&
] 1.483 2.047 1.228 BE54 108,07 7.00 ST 088 JO47 g.348 481 | 38 42,81 8,00 1,352 .0n8 JSN6 B0 A7
2,014 1,047 1,148 sary 108,84 7.00 »T74 ~069 L9850 | .0081| 5,702 837 [ 3m 43,57 20.07 1.437 - 120 4133 977 58
1,720 2.11% 1,358 459 194,35 0.08 805 " 983 | .0115( B,BSs . 688 | 3813 Ad .25 28,10 1.434 117 280 078 5%
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1,19 3.889 2,738 8090 164,97 {13,67 710 052 A6 | L0187 4. 77 | 34T 41,84 24,85 1,082 Oas -28ae 980 &8
1.)89 5.6 2.858 807y 184,48 |13.54 112 N 944 | .0155]| 4,810 O74 | 3688 a1.5 20.40 1,047 088 , 2713 808 70
1,148 5,163 2.28] aDas 163,36 [:2.05 M1 JO57 JB58 0| 0133 | 5,308 417 45,54 28,21 1,388 088 3855 - 983
1,748 2,805 1,865 8055 104,82 |12.87 +T10 1081 S8 0108 | 8,508 088, | 3978 | #8.TR 28.29 1,898 358 N1 -BaB R
1.107 5,800 2.812 7287 182,47 15,44 .70 4 L9489 | (01587 | 4,527 -854 | 3604 39,84 28,34 1.188 ,080 2485 985 13
1.1 3805 2,603 T899 145,47 |13,14 « TR0 068 B Ol | 4,004 «A78 | #6807 4143 28.54 1.85% 2088 ST STR "
1,188 3.087 2.938 7! 185.65 |12.76 +TRT 067 L9845 | ,0l24 | 6.380 . -1:4 58 4, 28,44 1.377 003 3587 978 %
1, 2,755 1,814 7580 185,15 |1d.52 TS JO8R .960 | 0101 | 6.370 .Beg | esL 48,417 £0,.20 1.684 -1 5807 « 954 75
1.0M 5,868 2.848 T4 154,00 | 12.87 782 082 1648 .0157 | 4,168 +BBL | 3445 57.99 28.50 .108 048 RETT 568 "
1.058 3,522 R.19R 7818 157, 12.71 S T88 083 5 L0151 | &.311 " 3480 38.4) 23,35 1,137 .05] J497 882
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TABIE J. - Continued. FPERFORMANCE DATA OF XJ79-GE-] TURBOJET ENGINE

Spaoifis Engine Engine ' Comprasson Comlixio son Tarbine 'ailpipe Ex. Noxxle
fael total~ total- s
lon, |temp o p:-:uu.rq Ga Oare. Com~ Dom- Com~ [|Combus-| Puml- |¥orbine |[Yurbine| Oor- Jor- | GCorrected Tallpips |Tallpips |Exhpust-| Effec-
Ir/‘! ' ratio, ratio, | reated | rwoktad | pnesAor [présmor| bustor | tion air pras- | affi- | redted | reafiad turbine £as rlaw | total- | honsle tive
i a !F’TE rﬁlri wgine | airflow, | pres- | offi- | total offi-~ |ratip, lur; olenoy, | turhins|btorbine gas Tlom, pArameter, | prosmure |preasurs | valoo-
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TABLE I. - Continued. PERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE
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TABLE I. - Contihued. FERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE
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TABLE I. - Concluded. PERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE
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